Background and objectives Unintended injuries or complications in hospitalized patients are common, potentially preventable, and associated with adverse consequences, including greater mortality and health care costs. Patients with CKD may be at higher risk of hospital-acquired complications (HACs).
Introduction
Hospital-acquired complications (HACs) are undesirable and unintended clinical conditions, distinct from the admitting diagnosis that may occur during a hospitalization episode. Specific diagnostic indicators in administrative hospital data by definition refer to new diagnoses or events that occur during hospitalization ("diagnosis type 2" in Canada, "not present on admission") in the United States, and "condition-onset flag" in Australia). HACs are common and associated with adverse consequences including prolonged hospital stay, increased disability at discharge, and higher risk of death (1) (2) (3) (4) . Studies in the United Kingdom, New Zealand, and the United States report that HACs occur in 2.9%-11.7% of hospitalizations (5) . In Canada, the proportion of hospital episodes with at least one reported HAC has been estimated to be between 7.5% (1) and 23.9% (6) , and these episodes prolong length of stay by 4.7 days (1, 6) .
CKD is common and is associated with high risk of hospitalization and higher risk of complications, including bleeding, drug toxicity, drug dosing issues, and susceptibility to infection (7, 8) . To date, limited data are available on HACs in patients with CKD. An analysis of the Department of Veterans Affairs data for [2004] [2005] showed that patients with CKD had a higher risk for several HACs than patients with normal kidney function (adjusted incidence rate ratio, 1.19; 95% confidence interval [95% CI], 1.13 to 1.25) (9) . However, nonveteran patient populations with CKD have not been examined.
A significant proportion of HACs are deemed to be potentially preventable. The percentage of hospitalizations episodes with preventable hospital complications range from 2.8% (1) to 6% (10) . Evidence suggests that these complications can be reduced. Two hospitals with relatively high potentially preventable HAC (p-HAC) rates (48.73 and 58.17 per 1000 discharges) reduced this rate to 32.36 and 48.15, respectively, by implementing various strategies by administrative and clinical staff (11) . In a "pay-for-quality" initiative in 2005, Medicare decreased payments when a diagnosis-related group included particular complications that could reasonably have been prevented through the application of evidencebased guidelines; "no-payment" initiatives have been associated with reductions in the rate of two always preventable HACs (a-HACs): central line-associated blood stream infections and catheter-associated urinary tract infections (12) .
The risk of HACs, including those that are potentially preventable, has not been determined in patients with CKD in a population-based cohort. Given the high hospitalization rate in patients with CKD, the potential for HACs in this high-risk group, and the potential to prevent some of these complications, we sought to determine the association of the presence of CKD and its severity with HACs (including preventable types of HACs) in a large population-based cohort of adults.
Materials and Methods

Study Population
The health research ethics board of the University of Alberta and University of Calgary approved the study. The study cohort comprised all adults (age$18 years) in Alberta hospitalized from April 1, 2003 , to March 31, 2008 (Figure 1) , from the population-based Alberta Kidney Disease Network (7). The first hospitalization was considered for each individual. Medical and surgical admissions with the exception of maternity/neonatal, congenital malformation, convalescence, and same-day admission were included. Patients with kidney failure (dialysis, renal transplant, eGFR,15 ml/min per 1.73 m 2 ) were excluded. We used known designation case-mix groups to stratify admissions into medical or surgical when possible (because of data limitation, 25% could not be classified). Population attributable risk percentage was used to determine the proportion of hospitalization with at least one preventable HAC in the population (CKD and non-CKD) that may be attributable to CKD; Poisson regression was used to determine the adjusted risk ratio needed for this calculation.
Assessment of Patients' Characteristics
Kidney function was determined from outpatient serum creatinine measurement and urine studies. Average eGFR was estimated using the Modification of Diet in Renal Disease formula. The primary exposure variable of CKD was defined by eGFR,60 ml/min per 1.73 m 2 and/ or moderate to high proteinuria, defined as an albuminto-creatinine ratio .3-30 mg/mmol, protein-to-creatinine ratio .15-50 mg/mmol, or .2+ protein dipstick in the year before index hospitalization. All outpatient eGFR measurements in the time frame from 365 days to 90 days before admission were considered; we excluded eGFR measurement within 3 months of admission to ensure that AKI did not affect CKD determination. CKD was further categorized using the Kidney Disease Improving Global Outcomes 2012 clinical practice guidelines.
We assumed that patients without any serum creatinine and proteinuria data had normal kidney function. Fifteen percent of patients had no laboratory data to present kidney function in the year before hospitalization. By excluding those patients, sensitivity analyses was tested and a very close odds ratio (OR) was obtained. Comorbid conditions, including cancer, cerebrovascular disease, congestive heart failure, chronic obstructive pulmonary disease, dementia, diabetes with complications, diabetes with no complications, HIV/AIDS, metastatic solid tumor, myocardial infarction, mild liver disease, moderate to severe liver disease, paraplegia or hemiplegia, peptic ulcer disease, peripheral vascular diseases, renal disease, and rheumatologic disease, were identified using validated algorithms applied to hospitalization discharge abstracts and physician claims data (13) . The reason for hospitalizations was categorized into 16 homogeneous groups using the International Classification of Diseases (ICD), 10th revision, Canada (ICD-10-CA).
Hospital administrative data include "diagnosis type 2," which indicates HACs. Using the ICD-10-CA, hospital coders record all clinical conditions and signs not present at hospital admission while reviewing patients' charts. These $4000 ICD-10-CA diagnostic codes were mapped into ten groups, with 38 subgroups, according to clinical similarity (Supplemental Appendix A). We used published data to identify 63 potentially preventable HACs (10) by manually remapping the ICD, Ninth Revision, diagnostic codes to ICD-10-CA. Briefly, panels of clinicians (two general internists and one pediatrician supplemented by a surgical or obstetric specialist as needed) reviewed each of approximately 14,400 diagnosis values in the ICD, Ninth Revision, Clinical Modification coding scheme and classified 1562 codes as being p-HACs. We defined a-HACs on the basis of Medicare "never-event" diagnoses (14), and we manually remapped the US ICD-10 codes for these conditions to the Canadian version.
Statistical Analyses
Continuous variables were described using means and SDs or medians with 25th and 75th percentiles, as appropriate. The linearity assumption for age was satisfied. Categorical variables were described as proportions of the cohort with or without each condition or characteristic. A multivariable logistic regression analysis was used to determine the independent association of CKD and its severity with risk of developing at least one HAC, after controlling for potential confounders. In the primary analysis, all HACs were used to define the dependent variable; in secondary analyses, we considered p-HACs and a-HACs as the dependent variable. Purposeful-selection model building was used. The fully adjusted models included reason for admission, age, sex, admission type (urgent versus elective admission as defined in hospital administrative data), CKD, length of stay (LOS), and 17 comorbid conditions. We did a sensitivity analysis to assess the association of increasing number of HACs with the dependent variable of LOS. Multivariable regression analyses was used and adjusted to sex, age, admission type (elective versus urgent admission as defined in hospital administrative data), and 17 comorbid conditions. The analysis was done using Stata software, version 13 (Stata Corp., College Station, TX).
Results
Patient Characteristics
Of 765,234 adults hospitalized in Alberta during the study period, 536,549 (70.1%) met inclusion criteria (Figure 1) . Mean age of patients with CKD was greater than that of patients without CKD. The median LOS was 4 days (25th-75th percentiles, 2-11 days) for patients with CKD and 3 days (25th-75th percentiles, 2-6 days) for patients without CKD. Cardiovascular diseases made up the largest "most responsible diagnosis" category in patients with CKD, accounting for 20% of admissions. Patients with CKD were also more likely to be admitted for cancer and endocrine disorders as the most responsible diagnoses and less likely to be admitted for respiratory or digestive system conditions compared with those without CKD. In the entire cohort, 6.7% and 2.6% of patients had eGFR,60 ml/min per 1.73 m 2 and moderate to heavy proteinuria, respectively; 45,733 patients (8.5% of cohort) had CKD ( Table 1) .
Risk of HAC
In the entire cohort, 42,036 patients (7.8%) had at least one HAC, and the proportion of hospitalization episodes with complications was approximately two-fold higher in patients with CKD than in those without CKD (13% and 7%, respectively). The proportions of patients with at least one HAC were similar when stratified by medical or surgical admission. The proportion of hospital admissions with any HAC, p-HACs, and a-HACs in each year appeared numerically stable during the study period.
In a fully adjusted analysis, the OR of HACs in patients with CKD (reference: no CKD) was 1.19 (95% CI, 1.18 to 1.26) ( Table 2 ). Every 5-ml/min per 1.73 m 2 lower eGFR was associated with a 1% higher risk of HAC (OR, 1.01; 95% CI, 1.01 to 1.01). A graded association with severity of CKD was observed, with the most severe category of CKD associated with an OR of 1.81 (95% CI, 1.51 to 2.17) ( Table 3) .
Risk of Potentially Preventable Complications
At least one p-HAC occurred in 9.8% of patients with CKD compared with 5.4% of those without CKD. Adjusted relative risk of a p-HAC was 1.17 (95% CI, 1.14 to 1.21) in patients with CKD, and the population attributable risk percentage of HAC that may be due to CKD was 1.2% (this Table 2) . Patients with more severe kidney disease were also at higher risk of p-HACs. In the most severe CKD category, the OR was 1.78 (95% CI, 1.43 to 2.11) ( Table 3) . Postprocedural complications, including cardiovascular, respiratory, and other complications of surgical and medical care, were the most common p-HACs in patients with CKD. Anemia was the most common complications, acid-base, fluid, electrolyte balance metabolic disorders and infections were the second and third most common p-HACs (Supplemental Appendix B).
Risk of a-HACs
In a fully adjusted logistic regression analysis, patients with CKD were at higher risk of a-HAC (OR, 1.16; 95% CI, 1.07 to 1.26) ( Table 2) . A similar graded association of more severe CKD and larger OR was observed, although 95% CIs crossed unity. Surgical site infections, falls and trauma, and deep-vein thrombosis were the most common a-HACs in patients with CKD (Table 4) .
Sensitivity Analyses
Excluding patients with no eGFR measurement did not alter results. The ORs of HAC in medical or surgical patients with CKD were 1.14 (95% CI, 1.08 to 1.19) and 1.24 (95% CI, 1.17 to 1.30), respectively. After adjustment, a graded association of LOS with number of HACs was observed; patients with one HAC and three to five HACs stayed in the hospital 9.38 days (95% CI, 8.73 to 10.02) and 24.09 days (95% CI, 22.43 to 25.75) longer, respectively.
Discussion
In this large population-based cohort of hospitalized patients, we found that risk of HACs (including those considered potentially preventable or always preventable) were more likely in patients with CKD. The risk of these complications increases in a graded fashion with severity of CKD. We found that patients with CKD had a 19% higher risk of HACs and that the excess risk was as much as 81% higher in those with the most severe kidney impairment (eGFR of 15-29 ml/min per 1.73 m 2 and proteinuria.30 mg/mmol). Because CKD is readily identifiable using routine laboratory tests that are commonly conducted in hospitalized patients, and because targeted strategies to prevent HACs are effective in some settings, patients with CKD may be an ideal highrisk population for whom to implement evidence-based strategies to reduce HACs. These strategies may subsequently improve patient and health care system outcomes.
Patients with CKD may be uniquely predisposed to complications during hospitalization because of known factors, such as impaired coagulation; altered renal handling of medications requiring drug dosing changes; and predisposition to drug toxicity, susceptibility to infection, and other complications. Underrecognition of CKD may contribute to the high frequency of HACs observed, particularly with milder severity of kidney impairment. CKD may also be a marker for sicker patients, as CKD often occurs in patients who are older and have multiple comorbid conditions; however, we attempted to control for potential confounders.
Our findings are consistent with those of previous studies that have examined hospital complication rates in patients with CKD. In a United States veterans population, the association of CKD with 13 HACs (patient safety indicators) showed a 19% higher risk for patients with CKD, as defined by eGFR alone. A similar linear trend was observed across varying CKD severity (9) . Our results are congruent; however, we used both eGFR and proteinuria level and assessed outpatient values before hospitalization to define patients with CKD. Further, we studied a population-based cohort and considered all hospital complications and those deemed to be potentially or always preventable.
A large proportion of HACs are considered to be always or potentially preventable. Payment reform by the US Centers for Medicare & Medicaid Services altered the rate of central line-associated blood stream infections and catheterassociated urinary tract infections after hospitals implemented preventive strategies in response to these payment incentives (12) .
We found that 9.8% of patients with CKD had at least one p-HAC compared with 5.3% of those without CKD. Patients with CKD had a 20% higher risk of developing P-HACs (OR, 1.20; 95% CI, 1.18 to 1.27). Postprocedural complications were the most frequent cause of HACs in people with underlying CKD compared with those without. The risk of a-HACs also increased with CKD and its severity; however, the graded association was not significant in some stages of kidney function. This finding may be due to lack of statistical power given the infrequent occurrence of these HACs. To highlight the importance of our findings, extrapolation of our data to Strengths of this study include the use of a populationbased cohort and inclusion of community, teaching, and specialized hospitals, which strengthen generalizability. Furthermore, we determined baseline kidney function before hospitalization using outpatient laboratory data to define both eGFR and proteinuria. Prior studies have focused largely on specific populations of hospitalized patients, such as those defined by age, diagnostic category (cardiac surgery, intensive care unit, and post-myocardial infarction) or treatment by a specific health care provider or institution, thereby limiting their generalizability (17) (18) (19) (20) (21) (22) .
Our study also had some limitations. Administrative data lack information regarding severity of comorbid conditions and most responsible diagnoses for admission. Access to certain clinical variables, such as BP control and lifestyle factors (smoking, exercise, and diet), is also limited. A second limitation is underestimation of HACs. Administrative data may not be sensitive for some types of HACs (23) . As such, the number of HACs is likely to be underestimated; however, this is unlikely to invalidate results because incomplete ascertainment would be expected to occur in both patients with and without CKD. Third, it is possible that the association of CKD and HAC is mediated through other pathways, such as greater burden of illness or longer LOS (greater exposure to develop HAC), although our HAC analysis adjusted for available data on comorbidity as well as days in the hospital. Fourth, because of limitations of our source data, we were unable to obtain information on hospital-level factors, including hospital type, volume, and location. Fifth, we assumed that patients with no measure of proteinuria should be in the category of no proteinuria. However, this is a test ordered by providers according to clinical suspicion; therefore, the probability of significant proteinuria in patients for whom the test is not ordered is low. Sixth, in recent years increased efforts to improve hospital safety and quality of care have been implemented, which may modify the absolute risk of preventable HACs. Finally, our source data do not allow accurate classification of attribution, such as medication error causing a complication. Because patients with CKD may be uniquely predisposed to complications of medications, this should be a focus of future study using chart review or a prospective study.
In conclusion, the presence of CKD and its severity was associated with a higher risk for HACs, many of which may be preventable. Further investigations are needed to examine the effect of evidence-based strategies on the risk of p-HACs, with the goal of improving quality of care and outcomes for hospitalized patients with CKD.
